Seasonal variation of combined Noise-Air quality, chances of correlated exposure and quality of combined exposure to Noise-Air pollution at the curbside open-air microenvironments of Kolkata city, India was examined in this study. Accordingly air quality in terms of concentration of PM2.5 and NO2, equivalent traffic noise level, and traffic volume were estimated in summer and winter at the microenvironment of 38 locations of the city in two peak and one non-peak traffic hours. Corresponding meteorological data on air temperature, relative humidity and wind speed was recorded form a roof-top automated weather monitoring station. Data of the two peak and one non-peak traffic hours of the same monitoring season and station were averaged accordingly to wipe out the peak non-peak hour variations in the observation. Combined noise-air quality of the microenvironments of the city was very poor (City Noise-Air Index: 0.19±0.13) in winter and poor (0.20±0.18) in summer. Moderate positive Pearson's correlation of 0.42 between concentration of NO2 and traffic noise level in summer indicated chances of correlated exposure to this environmental stressors in the season. Quality of combined exposure to Noise-Air pollution was poor (Combined Exposure Factor: -0.08±0.14) in winter and good (0.35±0.37) in summer. Improved combined Noise-Air quality and quality of combined exposure to Noise-Air pollution at the curbside microenvironment in summer was attributed to higher wind speed; otherwise, no significant seasonal variations were observed in traffic volume and traffic noise level.
behavioural disorders, cardiovascular and respiratory diseases with roadway proximity, exposure to higher level of traffic noise and traffic related air pollution (Schwartz et al., 2005; Linares et al., 2006; Hoffmann et al., 2007; Tonne et al., 2007; Orru et al., 2009; Selander et al., 2009; Delfino et al., 2010; Freire et al., 2010; Chang et al., 2011; Sørensen et al., 2011) . Researchers also reported that a moderate positive correlation between traffic noise level and concentration of traffic related air pollutant(s) may be linked with correlated exposure of the subjects (e.g., thousands of pedestrian, commuters and hawkers) to these environmental stressors (Allen et al., 2009; Weber, 2009; Foraster et al., 2011) . Curbside open-air microenvironment of a city is the places where there are the maximum chances of occurrence of higher degree of positive correlation between these environmental stressors (Chowdhury et al., 2015a) . In these circumstances noise and air quality of the microenvironment should be assessed in a holistic manner (Silva and Mendes, 2012) . The quality of combined exposure to noise and air pollution of the subjects in the microenvironment should also be assessed in a holistic manner (Vlachokostas et al., 2012) to avoid any confounding findings in epidemiological studies (Schwela et al., 2005) .
There are evidences of moderate to strong degree of positive correlation between traffic noise level and concentration of traffic related air pollutant(s) at the curbside open-air microenvironments of Kolkata city (Chowdhury et al., 2011; Chowdhury et al., 2015b) . Seasonal variation of air quality in the context of the city is also prominent (Karar et al., 2006) . However, seasonal variation of combined Noise-Air quality, chances of correlated exposure and quality of combined exposure to Noise-Air pollution at the microenvironment of the city has not been studied in details.
In this study an attempt was made to investigate the seasonal variation of combined Noise-Air quality, chances of correlated exposure and quality of combined exposure to Noise-Air pollution at the curbside open-air microenvironments of Kolkata city, India.
Materials and Methods

Study Area
The study area was located within four important traffic intersections of south Kolkata viz., Park Street (22°33′17.23″N, 88°21′50.14″E), Park Circus (22°32′35.82″N, 88°21′58.14″E), Garia (22°27′57.08″N, 88°22′40.10″E) and Tollyguange Tram Depot (22°29′35.10″N, 88°20′43.04″E). It was assumed that urban characteristics of Kolkata city in terms of concentration of the air pollutant(s), traffic noise level, traffic volume and population density along the curbside open-air microenvironment was well represented in the selected study area. Total 38 monitoring sites were chosen on 21 major roads which had the minimum, maximum and average widths of 7 m, 31 m and 18.50±6.40 m respectively. The neighbourhood of the monitoring sites was surrounded mostly of 1 to 4 storied buildings. The selection of the monitoring sites was based on maximum average traveling time of 30 min from the base point, Jadavpur University, Kolkata (Fig. 1.) .
Integrated monitoring of air quality, traffic noise level, traffic volume and meteorology
Three consecutive 4 h integrated simultaneous monitoring which include two peak (08:00 a.m. -12:00 noon, Peak-1 and 04:00 p.m. -08:00 p.m., Peak-2) and one non-peak (12:00 noon -04:00 p.m.) traffic hours of a day of air quality in terms of concentration of PM2.5 and NO2, equivalent traffic noise level, and traffic volume were performed at each of the 38 locations on different week days of winter (November'2011 -February'2012 and November'2012 -February'2013 and summer (March'2012 -May'2012 and March'2013 -May'2013 . Data of the two peak and one nonpeak traffic hours of a particular monitoring site and season was averaged to wipe out the peak and non-peak hour variation in the observations. 4 h averaged data corresponding to each set of integrated monitoring on meteorology viz., temperature, relative humidity and wind speed was recorded from a roof-top automated weather monitoring station (WM250, Envirotech make) placed on the roof-top of the 10 storied building of the Department of Civil Engineering, Jadavpur University, Kolkata. The meteorological data was also averaged accordingly. 
Monitoring and averaging of air quality data
Concentration of PM2.5 at the microenvironments was estimated with a laser photometer (AM510, TSI make) with a resolution of 1 sec. The laser photometer was standardized (Chowdhury et al., 2015b ) against a fine particulate matter sampler (APM550, Envirotech make) which works on gravimetric principal recommended by Central Pollution Control Board (CPCB) of India, 2009. Thus the 4 h average concentration of PM2.5 was determined on the basis of 14400 instantaneous measurements. The laser photometer was calibrated prior to each set of monitoring. Concentration of NO2 of the microenvironment was estimated as per Modified Jaccob & Hochheiser (Na-Arsenite) method recommended by CPCB India, 2009 with a personal sampling pump (SP330, TSI make) fitted with a gaseous sampling attachment (APM411, Envirotech make).
Both the instruments were placed at a distance of 1 m from the front wall of the building and on road sidewalk. The inlets of the air samplers were placed at a height of 1.5 m from the ground level. 
where, DPeak-1, DPeak-2 and DNon-peak are the 4 h average concentration of the air pollutants estimated in two peak and one non-peak traffic hours for a particular monitoring site and season.
Monitoring and averaging of noise data
Traffic noise level of the microenvironments was determined in terms of A-weighted equivalent noise level (Leq) with a Type -II (SC160, CESVA make) sound level meter, under fast operation mode with 1 sec resolution. Thus the 4 h Leq dB(A) was also determined on the basis of 14400 instantaneous measurements. The sound level meter was placed at the parallel position and at a height of 1.5 m from the ground level (Chowdhury et al., 2012) 
where, CPeak-1, CPeak-2, and CNon-peak are the duration (4 h) of two peak and one non-peak traffic hours respectively and TPeak-1, TNon-peak, TPeak-2 is derived as per the following equation -
where, LPeak-1, LNon-peak, LPeak-2 are the measured 4 h A-weighted equivalent noise level for each of the two peak and one non-peak traffic hours of a particular monitoring site and season. Finally 8-h-TWA noise level was estimated according to the following equation -10 8 16.61 log 90 100
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Traffic monitoring and averaging of traffic data
Traffic volume was estimated on analysis of 15 min video footage taken once in every hour of 4 h measurement period with a digital camera (DSC W150, Sony make). Traffic volume was determined by manual counting of number of motorized vehicles passed through the cross section of the view of the digital camera. Then hourly traffic volume was determined with a multiplication factor of 4. Traffic volume was represented as vehicles/4-h by simple addition of each 1 h data. Average traffic volume was also estimated accordingly.
Statistical analysis
Descriptive statistical analysis was performed to determine the minimum, maximum, range (difference between the maximum and the minimum value), average, standard deviation and percentage coefficient of variation of each variable. The statistical analysis was conducted in SPSS v20 environment. The percentage coefficient of variation (%CV) was determined as per the following equation -% 100
where, σx is the standard deviation of the variable X and μx is the mean of the variable X.
Correlation between traffic noise level and concentration of air pollutant(s) was determined in terms of Pearson's correlation coefficient. Correlation analysis was also performed in SPSS v20 environment.
The City Noise-Air index and its modifications
Combined Noise-Air quality of the curbside open-air microenvironments of the city was determined in terms of the City Noise-Air index (Silva and Mendes, 2012 ; Table 1 ). The important modifications made in different stages of the index to make it compatible for the study are discussed belowModification in the class intervals of the index: Instead of continuous class boundary a discrete class boundary was used to interpret the City Noise-Air index (Table 2) .
Modification in the legal limits of air pollutants and traffic noise level:
The present study is a short term one and is meant for mainly the occupational exposure of the subjects (e.g., thousands of pedestrian, commuters and hawkers) at curbside open-air urban microenvironments of Kolkata city. For this reason short term air quality standard of 24-h-TWA recommended by CPCB India, 2009 and occupational noise standard of 8-h-TWA recommended by OSHA were chosen as the legal limits in this study (Table 3) .
Modification in relative weight of the pollutants: Equal relative weight of 0.5 for the two air pollutants e.g., PM2.5 and NO2 were considered.
Modification in dummy variable: vi was considered equal to '1' when concentration of the air pollutant i was less than or equal to the legal limit and vi was equal to '0' when concentration of the Anirban Kundu Chowdhury, Anupam Debsarkar, and Shibnath Chakrabarty / International Journal of Environmental Pollution and Solutions (2015) Vol. 3 No. 1 pp. 16-30 21 air pollutant i was greater than the legal limit. Whereas, v was equal to '1' when the noise level is less than or equal to the legal limit and v was equal to '0' when the noise level was greater than the legal limit. Numerical value of the index varies between 0 and 1. The index is equal to '0' when the noise level is above the legal limit and concentration of at least one air pollutant is above the legal limit. Whereas, the index is equal to '1' when noise level is below the legal limit and concentration of all the air pollutants are at or below the legal limit. 
where: x is the concentration value being normalised, xa and xb are the control points of the sigmoidal function cos 2 α The control points of the sigmoidal function cityAir: score = 0 (xb) for concentration limit values considered in the Portuguese legislation for human health protection and score = 1 (xa) for the concentration guidance values recommended by WHO, 2009 . cityNoise: score = 0 (xb) for the limit value of the annoyance indicator (Lden) and score = 1 (xa) for the limit value of the sleep indicator (Ln) recommended in the Portuguese Legislation (DR, 2007) Modification in the control points of the sigmoidal function: Control points of the sigmoidal functions were selected according to the following criteria: xa was the minimum concentration of an air pollutant and/or minimum traffic noise level which represents the best air quality and/or noise quality during the measurement period (when x = xa, the normalised score of xa = 1) and xb was the maximum concentration of an air pollutant and/or maximum traffic noise level which represents the worst air quality and/or noise quality during the measurement period (when x = xb, the score of xb = 0). 
The combined exposure factor
Combined exposure to traffic noise level and multiple air pollutants in more than one commuting microenvironments was reported in terms of combined exposure factor (CEF) in the research work of Vlachokostas et al., 2012 .
Formulation of combined exposure to noise-air pollution:
Simplified and dimensionless formulation for assessment of combined exposure in single microenvironment (i.e., curbside openair microenvironment) and to multiple environmental stressors e.g., PM2.5, NO2 and traffic noise level for time t may be expressed as follows -
where: CEF(T) is the combined exposure factor for a space in time t in a single microenvironment, -1 ≤ CEF(T) ≤ +∞. P is the number of environmental health stressors (PM2.5, NO2 and traffic noise level) considered in the analysis, 1 ≤ i ≤ P. wi is the weighting factor for the environmental health stressor i (almost equal weighting factors of 0.34, 0.33 and 0.33 were considered for traffic noise level, concentration of PM2.5 and NO2). Et(i) is the average exposure of stressor i, for time t and Es(i) is the legal limit of exposure for the stressor i defined for an average exposure duration t (Table 3) . Characterization of combined exposure factor: Approximate zero values of combined exposure factor (CEF) are characterized as poor to barely acceptable combined exposures to noise and air pollution. Negative values of the same are characterized problematic situations and CEF > 1 is designated as very good level of combined exposure to these environmental stressors (Fig. 2.) . Fig. 2 . Classification of Combined Exposure Factor (CEF) (Vlachokostas et al., 2012) 
Results and Discussion
Seasonal variation of environmental condition
Environmental condition during monitoring was described in terms of traffic volume, meteorology (i.e., air temperature, relative humidity and wind speed), concentration of air pollutants and traffic noise level.
Traffic volume: Maximum range and average of traffic volume of 15274 vehicles/4-h and 9944±3266 vehicles/4-h was recorded in winter. However, almost equal value of the dimension less parameter, coefficient of variation indicated that there was no significant difference in average traffic volume in winter and summer (Table 4) .
Meteorology:
Indeed winter was cooler than summer but variation of air temperature was estimated higher in winter than summer. It was evidenced with the higher values of standard deviation and coefficient of variation of air temperature in winter than summer (Table 4 ). Higher range of relative humidity of 42% was accounted in summer. Slightly higher average relative humidity of 58.76±8.87 was observed in winter. Comparable relative humidity in both winter and summer was also reported in the research work of Karar et al., 2006 in the context of Kolkata city. Variation of relative humidity was accounted higher in summer than winter (Table 4) . Summer was more airy than winter. The average wind speed recorded in summer was of 13.70±3.29 km/h. However, the relative fluctuation in wind speed was recorded higher in winter than summer (Table  4) .
Variation of air and noise quality:
In spite of almost equal average traffic volume in both the season the air quality in terms of average concentration of PM2.5 and NO2 was fairer in summer (Table 4) . Fairer air quality in summer was attributed to higher degree of wind driven dispersion of the air pollutants due to higher average wind speed. Fairer air quality in terms of concentration of concentration of total suspended particulate (TSP) matter and PM10 was also reported in the work of Karar et al., 2006 in the context of the city. In winter and summer 100% and 94.74% of the monitoring station had their measured concentration of PM2.5 greater than 60 μg/m 3 , 24-h-TWA recommended by the CPCB, India, 2009. In winter 13.16% of the monitoring station had their measured concentration of NO2 greater than 80 μg/m 3 , 24-h-TWA recommended by the CPCB, India, 2009 whereas no exceedance was observed in summer. Therefore it can be stated that air quality of the city was better in terms of concentration of NO2 irrespective of the seasons. Unlike the air quality, noise quality of the curbside open-air microenvironments was almost unchanged throughout the seasons. It was evidenced with the almost equal level of traffic noise in winter [80.87±1.69, dB(A)] and summer [80.57±1.92 dB(A), Table 4 ]. The traffic noise level of all the monitoring stations were also within the occupational standard of 85 dB(A), 8-h-TWA recommended by OSHA. 
Normalised score of traffic noise level and concentration of the air pollutants
The normalised score and the sigmoidal function (ci = cos 2 α) of traffic noise level (Fig. 3a.) , concentration of PM2.5 (Fig. 3b.) and concentration of NO2 (Fig. 3c.) are represented in Fig. 3 . In the present study score '0' was assigned to the highest noise levels and/or to the highest concentration of the air pollutants for each of the season and score '1' was assigned to the lowest noise level and/or to the lowest concentration of the air pollutants for each of the season.
Seasonal variation of combined Noise-Air quality
Combined Noise-Air quality of curbside open-air microenvironment of the city was determined in terms of City Noise-Air index. The index had the minimum assessment of 0.00 (Table 5 ) in both winter and summer which implied very poor Noise-Air quality at the curbside open-air microenvironments of Kolkata city. The maximum assessments of the index in the same microenvironment were of 0.50 and 0.59 in winter and summer (Table 5 ) which implied fair NoiseAir quality. Average assessments of the index were 0.19±0.13 and 0.20±0.18 (Table 5) in winter and summer which indicated very poor and poor Noise-Air quality of the microenvironment of the city respectively in winter and summer. Better Noise-Air quality in summer has also been evidenced in a percentage distribution scale of the monitoring sites (Fig. 4.) . Better Noise-Air quality in summer
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Seasonal variation of chances of correlated exposure to air pollutant(s) and traffic noise level
Weak positive correlations (Chowdhury et al., 2015a) were accounted between concentration of the air pollutant (both PM2.5 and NO2) and traffic noise level in winter at the curbside open-air microenvironments of the city (Fig. 5.) . Weak positive correlations between concentration of PM2.5 and traffic noise level were also accounted in Oslo (Klaeboe et al., 2000) and Dutch cities (Boogaard et al., 2009) . Comparable degree of correlations between concentration of NO2 and traffic noise level were accounted in Chicago and Riverside (Allen et al., 2009) , Antwerp (Can et al., 2011) , Vancouver (Gan et al., 2012) , New York (Ross et al., 2011) , Madrid (Tobias et al., 2001) , SchipholAmsterdam (van Kempen et al., 2012) and Kolkata (Chowdhury et al., 2015b) . Weak positive correlation between concentration of the air pollutant(s) and traffic noise level signified limited chances of correlated exposure to these environmental stressors in winter.
Fig. 5. Pearson's correlation between concentration of air pollutants and traffic noise level
Anirban Kundu Chowdhury, Anupam Debsarkar, and Shibnath Chakrabarty / International Journal of Environmental Pollution and Solutions (2015) Vol. 3 No. 1 pp. 16-30 27 Very weak positive correlation was accounted between concentration of PM2.5 and traffic noise level in summer (Fig. 5.) which also signified limited chances of correlated exposure to these environmental stressors in summer. Very weak positive correlations between the same pair of variable were also accounted in the context of Dutch cities (Boogaard et al., 2009) , Vancouver (Gan et al., 2012) , New York (Ross et al., 2011) . Moderate positive correlation was accounted between concentration of NO2 and traffic noise level in summer which indicated elevated chances of correlated exposure to these environmental stressors (Allen et al., 2009; Weber, 2009; Foraster et al., 2011) . Moderate positive correlations between the same pair of variable were also accounted in Vancouver and Oslo (Klaeboe et al., 2000) . Correlations accounted between concentration of NO2 and traffic noise level were also consistently higher in both the seasons than the correlation accounted between concentration of PM2.5 and traffic noise level.
Correlation of higher positive degree (moderate to strong) between concentration of PM2.5 and traffic noise level, concentration of NO2 and traffic noise level were reported in the work of Chowdhury et al. (Chowdhury et al., 2011; Chowdhury et al., 2015b) in the context of Kolkata city. Correlation of different degree between concentration of same air pollutant(s) and traffic noise level within same city might be attributed to the fact that air pollutants and noise have different mode of dispersion and/or transportation in the atmosphere ). 
Seasonal variation of combined exposure to noise-air pollution
Quality of combined exposure to Noise-Air pollution at the curbside open-air microenvironment of the city was determined in terms of Combined Exposure Factor (CEF). The index had the minimum assessment of -0.32 in winter and -0.17 in summer (Table 5 ) which indicated very unhealthy and unhealthy type of combined status of exposure to Noise-Air pollution in winter and summer respectively. The maximum assessments of the index in the same microenvironment were of 0.21 and 2.01 in winter and summer (Table 5 ) which signified moderate and very good type of combined status of exposure to Noise-Air pollution in winter and summer. Average assessments of the index were -0.08±0.14 and 0.35±0.37 (Table 5) in winter and summer which signified poor and good level of combined status of exposure to Noise-Air pollution at the microenvironment of the city in winter and summer. Improved status of the exposure in summer might be attributed to higher dispersion of the air pollutants due to higher wind speed; otherwise, no significant changes were observed in traffic volume and traffic noise level in both the seasons. Improved status of the exposure in summer has also been evidenced in a percentage distribution scale of the monitoring sites (Fig. 6.) .
Conclusion
The important conclusions derived from the study are, the Air quality of the curbside open-air microenvironment of Kolkata city deteriorates in winter due to lower wind speed which hinders dispersion of the air pollutants. Air quality of the microenvironment of the city is more vulnerable in terms of concentration of PM2.5 than NO2 irrespective of the seasons. Traffic noise level of the microenvironment of the city has no significant seasonal variation and the level of the same is well within the OSHA recommended occupational standard. Combined Noise-Air quality of the city was accounted slightly better in summer than winter. There are high chances of correlated exposure to concentration of NO2 and traffic noise level in summer. Status of combined exposure to Noise-Air pollution is remarkably better in summer than winter at the curbside open-air microenvironment of the city.
